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$c(\geq 0)$ $V=\{1, \ldots, n\}$
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$P$ maximize $z(x)=$ $\sum_{i=1}^{n}p_{i}x_{i}$ , (1)
subject to $\sum_{i=1}^{n}w_{i}x_{i}\leq c$, (2)
$x_{i}+x_{j}\leq 1$ , $\forall(i,j)\in E$ ,
(3)







$P(Q)$ maximize $\sum_{i=1}^{n}p_{i}x_{i}$ (5)
subject to $\sum_{i=1}^{n}w_{i}x_{i}\leq c$, (6)
$\sum_{i\in C_{k}}x_{i}\leq 1,$
$\forall C_{k}\in Q$ ,
(7)















$\leq$ [ $P(Q)$ ]

























$\{C_{1}, \ldots, C_{r}\}$ $V$
$Q$
$\circ$
$(\forall i\in V,$ $C_{k}\in Q, i\in C_{k})$. $(\forall C_{k}\neq$





minimize $f( \lambda, y)=c\lambda+\sum_{k=1}^{r}y_{k}$ (10)
subject to $w_{i}\lambda+y_{k}\geq p_{i},$ $k:i\in C_{k},$ $\forall i\in V$,
(11)




















$\lambda\geq p_{1}/w_{1}$ $k=1,$ $\ldots,$ $r$
$y_{k}(\lambda)=0$ $DCP(Q)$
$f(\lambda)$ $c\lambda$ $DCP(Q)$





























$)$ . 2 $\lambda_{R}$ $\lambda_{L}$
$\lambda$R( $\lambda$L) $f$ f’( $\lambda$R)(
$f’(\lambda_{L}))$ 2
( $\lambda_{LBF}$ , LB) ( 2 ).
LBF $\min_{\lambda\geq 0}f(\lambda)$




bound by clique partition )
UBCP$(Q)$
Step 1. $i$ $w_{i}$ $=0$
$f(0)$ $\lambda_{L}:=0$ ,
$\lambda_{R}$ $:= \max\{p_{i}/w_{i}|w_{i}>0\}$
Step 2. $\lambda_{L}$ $DCP(Q)$
$f(\lambda_{L})$ $f’(\lambda_{L})$ $f_{L}:=$
$f(\lambda_{L}),$ $f_{L}’:=f’(\lambda_{L})$
Step 3. $\lambda_{R}$ $DCP(Q)$
$f(\lambda_{R})$ $f’(\lambda_{R})$ $f_{R}:=$
$f(\lambda_{R}),$ $f_{R}’:=f’(\lambda_{R})$
Step 4. $(\lambda_{L}, h)$ $f_{L}’$
$(\lambda_{R}, f_{R})$ $f_{R}’$
( $\lambda_{LB}$ , LBF)
Step 5. $\lambda:=(\lambda_{L}+\lambda_{R})/2$
Step 6. $\lambda$ $DCP(Q)$
$f(\lambda)$ $f’(\lambda)$
Step 7. ( $f(\lambda)$ –LBF) $\leq\delta$ $f(\lambda)$
Step 8. $f’(\lambda)=0$ $f(\lambda)$
Step 9. $f’(\lambda)<0$ $\lambda_{L}$ $:=\lambda,$ $f_{L}:=$
$f(\lambda),$ $f_{L}’:=f’(\lambda)$
$\lambda_{R}:=\lambda,$ $f_{R}:=f(\lambda),$ $f_{R}’:=f’(\lambda)$

















Step 2. $k:=k+1$ $C_{k}:=\emptyset$
































$E(Q)=\{(C_{k}, C_{l})|C_{k}, C_{l}\in Q, k\neq l, C_{k}\cap C_{l}\neq\emptyset\}$
$G(Q)=(Q, E(Q))$







minimize $g( \lambda, y):=c\lambda+\sum_{k=1}^{r}y_{k}$ (13)
subject to
$w_{i} \lambda+\sum_{k:i\in C_{k}}y_{k}\geq p_{i},$
$\forall i\in V$, (14)


























$H(k)=\{k_{1}, \ldots, k_{s}\}$ $l=k_{1},$ $\ldots$ , $k_{s}$
$y_{l}(\hat{\lambda})$ $y_{k}(\hat{\lambda})=$
$\max\{0,$ $\max\{p_{i}-w_{i}\hat{\lambda}-y_{l}(\lambda)|i\in C_{k}\cap C_{l},$ $l\in$

























subject to $Y_{k}+Y_{l}\geq\tilde{p}_{i}(\hat{\lambda})$ ,
$\forall i,$ $k,$ $l$ : $i\in C_{k},$ $i\in C_{l},$ $k\neq l$
(17)








$i$ ( $\max$ $i$
$i$ )






















$\forall C_{k}\in Q$ , (20)
$0\leq x_{i}\leq 1,$ $i=1,$ $\ldots,$ $n$ , (21)
$x_{i}=0,$ $\forall i$ : $|\{k|i\in C_{k}\}|\leq 1$ .
(22)




$i$ ( $G(Q)$ ( 1
) $i$
i) $x_{i}=0$

























$DLP$ minimize $cx+d\lambda$ (23)
subject to $Ax+e\lambda\geq b$ . (24)



































































Step 2. $MI_{i}$ $:=1$
Step 3. $MC_{k}$ $:=1,$ $k:i\in C_{k}$
Step 4. $i$ $MC_{l}=0,$ $l$ :
$i\in C_{l}$ $i$
$i$ $j$ $i,$ $j$
$Q$
DFSCF$(j, Q)$


















$x=$ $(x_{1}, \ldots , x_{n})$
Greedy
Step 1. $x_{j}:=0,$ $\forall j\in V$ $i:=0$
Step 2. $i$ $:=i+1$ $i>n$
Step 3. $\sum_{=1}^{i-1}jw_{j^{X}j}+w_{i}>c$ $x_{i}:=$
$0$ Step 2
Step 4. $i<i,$ $x_{j}=1,$ $(i,j)\in E$
$x_{i}$ $:=0$ Step 2
















$y\in N(x)$ Step 2
$x$


































Step 2. $i=n$ $z(x)>$LB
LB:$=z(x)$




$j(>i)$ Step 1 $0$ $x_{j}$
Step 5. $x_{i}:=0$
Step 6. $i=n$ $z(x)>$LB
LB$=z(x)$





















UB $T:=UB$ LB $\geq T$
Step 5. $T:=$ $(T+$LB $)$ /2









Dell Precision470 (Xeon $3GHz$ ,






uncor $w_{i}$ $p_{i}$ 1 $u$ (
$)$
weak $w_{i}$ 1 $u$
$w_{i}$ 1 10
$p_{i}$






(i,j) $\in V\cross V(i<j)$













( ), UB TO
30
$<0.01$ 0.01













1. ( uncor, $c=250n$)
$\underline{time[\sec]}$ UB
$\frac{\mu nCPCFLPCPCFLP}{4/(n-1)1000<0.010.010.09328,806317,119275,269}$
$4/(n-1)$ 5000 0.03 0.03 1.32 1,636,269 1,581,032 1,365,520
$4/(n-1)$ 10,000 0.04 0.06 3.56 3,257,727 3,137,602 2,706,960
$4/(n-1)$ 15,000 0.07 0.09 7.61 4,894,769 4,702,547 4,070,890
$4/(n-1)$ 20,000 0.09 0.13 13.34 6,527,604 6,285,778 5,457,670
$4/(n-1)$ 25,000 0.12 0.17 24.46 8,161,850 7,845,602 6,795,490
$4/(n-1)$ 30,000 0.14 0.20 30.55 9,805,778 9,424,374 8,182,700
$4/(n-1)$ 35,000 0.16 0.24 26.79 11,438,162 11,001,451 9,519,410
$4/(n-1)$ 40,000 0.19 0.28 39.64 13,045,818 12,527,608 10,880,800
$4/(n-1)$ 45,000 0.22 0.32 50.93 14,689,136 14,136,388 12,243,800
$4/(n-1)$ 50,000 0.25 0.35 59.50 16,286,597 15,650,615 13,565,500
$4/(n-1)$ 60,000 0.29 0.45 73.62 19,522,814 18,773,844 16,261,300
$4/(n-1)$ 70,000 0.35 0.53 101.49 22,780,679 21,885,749 18,973,300
$4/(n-1)$ 80,000 0.41 0.65 161.31 26,043,850 25,003,780 21,715,500
$4/(n-1)$ 100,000 0.52 0.89 216.28 32,576,887 31,284,230 27,143,800
$4/(n-1)$ 125,000 0.63 1.17 309.6 40,757,272 39,162,587 33,988,900
$4/(n-1)$ 150,000 0.82 1.53 464.22 48,988,624 47,079,260 40,840,500
$4/(n-1)$ 200,000 1.13 2.27 744.62 65,262,876 62,721,845 54,399,000
$4/(n-1)$ 300,000 1.77 3.83 1606.58 97,936,834 94,112,462 81,595,700
$4/(n-1)$ 500,000 3.21 6.94 T.O. 163,194,545 156,865,242


































2. ( weak, $c=250n$)
time[sec] UB
$\frac{\mu nLPLP}{4/(n-1)0.16}$CP CF LP CP CF1000 $<0.01$ $<0.01$ 256,417 256,114 255,242
4/ $(n$ $1)$ 5000 0.02 0.03 3.76 1,281,108 1,279,814 1,275,590
4/ $(n$ $1)$ 10,000 0.04 0.06 15.70 2,562,335 2,559,806 2,551,380
4/ $(n$ $1)$ 15,000 0.07 0.09 32.56 3,843,794 3,840,035 3,827,220
4/ $(n$ $1)$ 20,000 0.09 0.12 56.93 5,125,119 5,120,364 5,103,540
$4/(n-1)$ 25,000 0.11 0.16 100.67 6,406,245 6,399,960 6,379,140
$4/(n-1)$ 30,000 0.14 0.19 134.70 7,687,442 7,679,820 7,654,740
$4/(n-1)$ 35,000 0.17 0.22 585.29 8,969,203 8,960,632 8,930,600
$4/(n-1)$ 40,000 0.18 0.26 789.13 10,249,978 10,239,868 10,206,500
4/ $(n$ $1)$ 45,000 0.21 0.30 1466.17 11,531,428 11,520,155 11,481,800
$4/(n-1)$ 50,000 0.23 0.33 1566.16 12,812,592 12,800,183 12,758,000
4/ $(n$ $1)$ 60,000 0.28 0.42 T.O. 15,375,361 15,360,187
$4/(n-1)$ 70,000 0.34 0.51 T.O. 17,936,666 17,919,027
4/ $(n$ $1)$ 80,000 0.40 0.58 T.O. 20,499,311 20,479,400
$4/(n-1)$ 100,000 0.50 0.84 T.O. 25,624,744 25,599,966
$4/(n-1)$ 125,000 0.63 1.12 T.O. 32,030,763 31,999,652
4/ $(n$ $1)$ 150,000 0.78 1.45 T.O. 38,437,815 38,400,203
$4/(n-1)$ 200,000 1.09 2.09 T.O. 51,250,803 51,201,737
$4/(n-1)$ 300,000 1.71 3.54 T.O. 76,876,137 76,800,650
4/ $(n$ $1)$ 500,000 3.15 6.18 T.O. 128,122,554 127,998,478 –
3. ( strong, $c=250n$ )
time $[\sec]$ UB
$\frac{\mu nCPCFLPCPCFLP}{4/(n-1)1000<0.010.010.18255,637255,561255,090}$
$4/(n-1)$ 5000 0.02 0.03 2.24 1,278,296 1,277,901 1,275,550
$4/(n-1)$ 10,000 0.04 0.06 13.56 2,556,772 2,556,067 2,551,140
$4/(n-1)$ 15,000 0.06 0.09 27.00 3,835,020 3,833,926 3,826,760
$4/(n-1)$ 20,000 0.08 0.12 115.94 5,113,806 5,112,333 5,102,350
$4/(n-1)$ 25,000 0.11 0.15 198.29 6,392,380 6,390,592 6,377,710
$4/(n-1)$ 30,000 0.13 0.19 305.45 7,670,325 7,668,142 7,653,280
$4/(n-1)$ 35,000 0.15 0.22 T.O. 8,948,648 8,946,103
$4/(n-1)$ 40,000 0.18 0.26 T.O. 10,227,215 10,224,189
$4/(n-1)$ 45,000 0.21 0.30 T.O. 11,505,323 11,502,068
$4/(n-1)$ 50,000 0.24 0.34 T.O. 12,784,250 12,780,477
$4/(n-1)$ 60,000 0.28 0.41 T.O. 15,340,740 15,336,366
$4/(n-1)$ 70,000 0.32 0.52 T.O. 17,897,576 17,892,407
$4/(n-1)$ SO,OOO 0.39 0.62 T.O. 20,453,933 20,447,946
$4/(n-1)$ 100,000 0.50 0.83 T.O. 25,568,235 25,560,757
$4/(n-1)$ 125,000 0.62 1.13 T.O. 31,960,910 31,951,848
$4/(n-1)$ 150,000 0.79 1.45 T.O. 38,352,645 38,341,750
$4/(n-1)$ 200,000 1.07 2.11 T.O. 51,136,148 51,121,434
$4/(n-1)$ 300,000 1.71 3.57 T.O. 76,703,555 76,681,575
$4/(n-1)$ 500,000 3.15 6.37 T.O. 127,841,872 127,805,155 –
151
4. ( weak, $c=250n$)
$n \frac{time[\sec]}{CFLP}$ $\frac{UB}{CFLP}$
$\frac{\mu}{0.0011000<0.010.02}$256,787256,745
0.001 2000 0.01 0.08 512,983 512,522
0.001 3000 0.01 0.27 768,565 767,145
0.001 4000 0.02 1.89 1,023,951 1,020,750
0.001 5000 0.03 4.89 1,278,746 1,274,510
0.005 1000 0.01 0.21 255,557 254,673
0.005 2000 0.01 1.76 510,502 509,262
0.005 3000 0.03 3.24 765,752 764,103
0.005 4000 0.05 3.08 1,020,742 1,018,880
0.005 5000 0.08 4.57 1,275,627 1,273,590
0.01 1000 0.01 0.45 255,204 254,562
0.01 2000 0.02 1.69 510,025 509,255
0.01 3000 0.06 1.89 765,082 764,104
0.01 4000 0.09 4.06 1,019,865 1,018,880
0.01 5000 0.14 8.44 1,274,461 1,273,590
0.05 1000 0.03 0.86 254,148 254,547
0.05 2000 0.11 2.66 492,061 509,255
0.05 3000 0.25 8.41 720,758 764,103
0.05 4000 0.42 18.47 915,857 1,018,880
0.05 5000 0.67 44.44 1,132,194 1,273,590
0.1 1000 0.05 1.05 230,824 254,547
0.1 2000 0.21 6.09 429,569 509,255
0.1 3000 0.47 15.30 613,698 764,103
0.1 4000 0.82 31.58 799,493 1,018,880
0.1 5000 1.31 122.47 966,512 1,273,590
0.5 1000 0.22 4.01 109,868 254,547







0.002 1000 2.0 $<0.1$
0.003 1000 2.1 0.1
0.004 1000 3.8 0.1
0.005 1000 0.5 $<0.1$
0.006 1000 0.6 0.1
0.007 1000 0.4 0.1
0.008 1000 1.5 0.2
0.009 1000 3.4 0.4
0.01 1000 1.0 0.2
0.02 1000 2.0 3.0
0.03 1000 1.9 2.8
0.04 1000 1.3 3.2
0.05 1000 1.5 2.7
0.06 1000 3.6 6.6
0.07 1000 19.6 14.4
0.08 1000 8.7 17.3
0.09 1000 73.9 I2.9
0.1 1000 13.7 36.7
0.2 1000 911.0 471.7
0.3 1000 879.7 T.O.
0.4 1000 466.9 T.O.
0.5 1000 338.0 T.O.
0.6 1000 173.0 T.O.
0.7 1000 160.3 T.O.
0.8 1000 69.1 T.O.






0.002 1000 1.5 $<0.1$
0.003 1000 1.6 $<0.1$
0.004 1000 0.4 $<0.1$
0.005 1000 8.8 0.1
0.006 1000 2.0 0.1
0.007 1000 2.9 0.2
0.008 1000 5.7 0.2
0.009 1000 3.2 0.1
0.01 1000 7.2 0.2
0.02 1000 8.2 2.8
0.03 1000 8.3 3.5
0.04 1000 13.6 4.9
0.05 1000 20.2 5.1
0.06 1000 51.4 11.6
0.07 1000 87.4 21.0
0.08 1000 110.3 24.4
0.09 1000 71.8 15.5
0.1 1000 893.2 67.0
0.2 1000 744.5 590.23
0.3 1000 519.1 T.O.
0.4 1000 512.7 T.O.
0.5 1000 628.8 T.O.
0.6 1000 205.8 T.O.
0.7 1000 169.1 T.O.
0.8 1000 102.6 T.O.
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